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(57) ABSTRACT 
A first indicator of RF conditions that is associated with a first 
device is received. A second indicator of RF conditions that is 
associated with a second device is received. An indicator of 
throughput for one or more network elements is received. A 
first packet is received from the first device. A second packet 
is received from the second device. The first packet is sent and 
the second packet is not sent based on the first indicator of RF 
conditions, the second indicator of RF conditions, and the 
indicator of throughput. 
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PACKETDROPPING BASED ON RF 
CONDITIONS 

TECHNICAL BACKGROUND 

Wireless communication may be used as a means of 
accessing a network. Wireless communication has certain 
advantages over wired communications for accessing a net 
work. One of those advantages is a lower cost of infrastruc 
ture to provide access to many separate locations or addresses 
compared to wired communications. This is the so-called 
“last mile' problem. Another advantage is mobility. Wireless 
communication devices, such as cell phones, are not tied by 
wires to a fixed location. To use wireless communication to 
access a network, a customer needs to have at least one 
transceiver in active communication with another transceiver 
that is connected to the network. 

To facilitate wireless communications, the Institute of 
Electrical and Electronics Engineers (IEEE) has promulgated 
a number of wireless standards. These include the 802.11 
(WiFi) standards and the 802.16 (WiMAX) standards. Like 
wise, the International Telecommunication Union (ITU) has 
promulgated Standards to facilitate wireless communications. 
This includes TIA-856, which is also known as Evolution 
Data Optimized (EV-DO). The European Telecommunica 
tions Standards Institute (ETSI) has also promulgated a stan 
dard known as long term evolution (LTE). Additional 
standards such as the fourth generation communication sys 
tem (4G) are also being pursued. These standards pursue the 
aim of providing a comprehensive IP solution where Voice, 
data, and streamed multimedia can be given to users on an 
“anytime, anywhere' basis. These standards also aim to pro 
vide higher data rates than previous generations. All of these 
standards may include specifications for various aspects of 
wireless communication with a network including processes 
for registering on the network, carrier modulation, frequency 
bands of operation, and message formats. 

OVERVIEW 

A method of dropping packets is disclosed. A first indicator 
of RF conditions that is associated with a first device is 
received. A second indicator of RF conditions that is associ 
ated with a second device is received. An indicator of 
throughput for one or more network elements is received. A 
first packet is received from the first device. A second packet 
is received from the second device. The first packet is sent and 
the second packet is not sent based on the first indicator of RF 
conditions, the second indicator of RF conditions, and the 
indicator of throughput. 
A method of scheduling packets is disclosed. A first packet 

associated with a first wireless device is stored in a buffer. The 
first wireless device is associated with a first indicator of 
wireless throughput. The first packet in the buffer is replaced 
with a second packet based on a second indicator of wireless 
throughput that is associated with a second wireless device. 
The second packet is associated with the second wireless 
device. The second packet is sent to a communication link. 
A packet buffering and retransmission system is disclosed. 

A buffer is configured to receive packets associated with a 
plurality of indicators of wireless throughput. Packet replace 
ment logic is configured to replace a packet stored in the 
buffer based on a first indicator of wireless throughput asso 
ciated with an incoming packet, and a second indicator of 
wireless throughput associated with the packet stored in the 
buffer. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a communication 
system. 

FIG. 2 is a flowchart illustrating a method of dropping 
packets. 

FIG. 3 is a block diagram illustrating a packet buffering 
system. 

FIG. 4 is a block diagram illustrating a packet buffer 
retransmission system. 

FIG. 5 is a flowchart illustrating a method of scheduling 
packets. 

FIG. 6 is a block diagram of a computer system. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram illustrating a communication 
system. In FIG.1, communication system 100 comprises base 
station 110, network 120, wireless device 130, wireless 
device 131, wireless link 140, wireless link 141, and backhaul 
link 150. 

Wireless device 130 and wireless device 131 may be opera 
tively coupled to base station 110 by wireless links 140 and 
141, respectively. Base station 110 is operatively coupled to 
network 120 via backhaul link 150. Thus, wireless device 130 
and wireless device 131 may be operatively coupled to net 
work 120. 

Wireless device 130 or wireless device 131 may be any 
device, system, combination of devices, or other Such com 
munication platform capable of communicating with base 
station 110 via wireless links 140 and 141, respectively. Wire 
less device 130 or wireless device 131 may be, for example, a 
mobile phone, a wireless phone, a wireless modem, a per 
Sonal digital assistant (PDA), a Voice over internet protocol 
(VoIP) phone, a voice over packet (VOP) phone, or a soft 
phone, as well as other types of devices or systems that can 
exchange data with base station 110 via wireless links. Other 
types of communication platforms are possible. 

Base station 110 may be any wireless system that provides 
the air interface to wireless device 130 and wireless device 
131, and communication connectivity to network 120 via 
backhaul link 150. Examples of base stations that may be 
utilized include, base transceiver stations (BTSs), radio base 
stations (RBSs), Node B, enhanced Node B (eNBs) and oth 
ers. Base stations may include a number of elements known to 
those skilled in the art comprising a transceiver, power ampli 
fier, combiner, duplexer, antenna and control function. 
Network 120 may comprise a computer, a network, or a 

collection of computers and networks that couple, link, or 
otherwise operatively provide wireless device 130 and wire 
less device 131 with communication service. It should be 
understood that network 120 may comprise secondary data 
networks. For example, network 120 may include a backhaul 
network, a local network, a long distance network, a packet 
network, or any combination thereof, as well as other types of 
networks. Network 120 may be or include an access service 
network (ASN), an access service network gateway (ASN 
GW), wireless local access network access gateway (WAG), 
packet data gateway (PDG), mobile switching center (MSC) 
and packet data serving node (PDSN). 

Wireless device 130 and wireless device 131 may establish 
communication sessions with base station 110 in order to 
receive communication services via network 120 and via 
wireless links 140 and 141, respectively. These services may 
include Voice services and data services. These services may 
include but are not limited to telephone services, long dis 
tance services, mobile Voice services, mobile data services, 
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push-to-talk services, internet services, web browsing, email, 
pictures, picture messaging, Video, Video messaging, audio, 
Voicemail, music, MP3s, ring tones, Stock tickers, news 
alerts, and so on. 
The amount of data that can be exchanged via wireless 

links 140 and 141 depends upon air interface factors such as 
the number of wireless devices communicating via base sta 
tion 110, interference, clutter, morphology, wireless device 
location, signal to interference and noise ratio (SINR) and 
wireless device mobility. To account for these air interface 
variations, a wireless standard may utilize multiple modula 
tion and coding schemes. This allows wireless devices with 
poor air interface conditions to utilize a low bit rate modula 
tion with a high redundancy coding scheme. Wireless devices 
with good air interface conditions may utilize higher bit rate 
modulation with a low or no redundancy coding scheme. 
Thus, wireless devices with good air interface conditions can 
exchange more data with base station 110 in a given time (or 
symbol) and frequency block thana wireless device with poor 
air interface conditions. A time and frequency block may be 
referred to as a slot. 

For example, WiMAX specifies modulation and coding 
scheme combinations that include: QPSK and /2 CTC 6x; 
QPSK and /2 CTC 4x: QPSK and /2 CTC 2x: QPSK and /2 
CTC 1x; 16 QAM and /2 CTC; 16 QAM and 3/4 CTC; 64 
QAM and /2 CTC; 64 QAM and 24 CTC; 64 QAM and 34 
CTC; and, 64 QAM and 5/6 CTC. With a 10 MHz system 
channel bandwidth, these modulation and coding schemes 
may provide communication capacity that may range from 
approximately 18 to approximately 560 bits per slot. Thus, 
the amount of information conveyed to base station 110 over 
wireless links 140 and 141 depends upon the modulation and 
coding schemes that wireless device 130 and wireless device 
131 are using. In turn, the modulation and coding scheme that 
each wireless device 130 or wireless device 131 is using is 
dependent upon the RF conditions that wireless device 130 or 
wireless device 131 is operating in. 

In an embodiment, backhaul link 150 may have a maxi 
mum throughput. In other words, backhaul link 150 may only 
be able to carry a maximum number of bits (or bytes) per 
second (e.g., 10 Mbits/s). Likewise, network 120, or an ele 
ment of network 120 may have a maximum throughput. Base 
station 110 may measure the maximum throughput of back 
haul link 150. Base station 110 may measure the maximum 
throughput of network 120 or an element of network 120. 
Base station 110 may use aspects of a communication proto 
col to discover the maximum throughput of backhaul link 150 
or network 120. Base station 110 may receive an indicator of 
maximum throughput from another device. Base station 110 
may be configured to only send a maximum throughput to 
backhaul link 150. 

In an example, base station 110 may discover the maxi 
mum throughput of backhaul link 150 or network 120 by 
sending packets at Successively higher rates until backhaul 
link 150 or network 120 starts dropping the sent packets. In 
another example, backhaul link 150, network 120, or an ele 
ment of network 120 may inform base station 110 of the 
maximum throughput that base station 110 can send to net 
work 120 via backhaul link 150. In another example, base 
station 110 may discover the maximum throughput of back 
haul link 150 or network 120 by monitoring the transmission 
control protocol (TCP) congestion avoidance algorithm. 

In an embodiment, the maximum throughput that can be 
carried by backhaul link 150 or network 120 may be less than 
the maximum throughput that can be carried over wireless 
links 140 and 141. For example, consider a case where back 
haul link 150 or network 120 has a maximum throughput of 5 
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4 
Mbps. Wireless device 130 or wireless device 131 when oper 
ating using 16 QAM and /2 CTC may send as much as 9.41 
Mbps to base station 110. Thus, the maximum throughput 
sent by wireless device 130 and wireless device 131 may 
exceed the throughput capability of backhaul link 150 or 
network 120. 

Before sending packets to backhaul link 150, base station 
110 may place packets received from wireless device 130 or 
wireless device 131 in a buffer. Base station 110 may then 
send these packets to backhaul link 150 at a later time than 
they were received. When the maximum throughput sent by 
wireless device 130 and wireless device 131 exceeds the 
throughput capability of backhaul link 150 or network 120, 
this buffer may become full. When this buffer is full, or nearly 
full, packets received from wireless device 130 or wireless 
device 131 may be discarded by base station 110. This may be 
referred to as tail-drop. 

In an embodiment, base station 110 may choose a packet to 
be discarded (dropped) based on an indicator of RF condi 
tions associated with the wireless device sending the packets. 
Base station may choose a packet to be discarded based on an 
indicator of RF conditions associated with wireless device 
130, an indicator of RF conditions associated with wireless 
device 131, and an indicator of the maximum throughput of 
backhaul link 150, or network 120. In an embodiment, an 
indicator of RF conditions for wireless device 130 or wireless 
device 131 may be the modulation and coding scheme asso 
ciated with each wireless device 130 and 131, respectively. In 
an embodiment, an indicator of RF conditions may be a SINR 
associated with wireless device 130 or wireless device 131. 

In an embodiment, base station 110 may choose to drop a 
packet from wireless device 130 and send a packet from 
wireless device 131 because the indicators of RF conditions 
associated with wireless devices 130 and 131 indicates that 
RF conditions associated with wireless device 130 are better 
than the RF conditions associated with wireless device 131. 
In an embodiment, base station 110 may choose to drop a 
packet from wireless device 130 and send a packet from 
wireless device 131 because the indicators of RF conditions 
associated with wireless devices 130 and 131 indicates that a 
throughput associated with wireless device 130 is greater than 
a throughput associated with wireless device 131. 

In an embodiment, base station 110 may store a first packet 
from wireless device 130 in a buffer. Then, base station 110 
may receive a second packet from wireless device 131 that is 
to be stored in the buffer. Based on the indicators of RF 
conditions associated with wireless devices 130 and 131, base 
station 110 may replace the first packet in the buffer with the 
second packet. Base station 110 may replace the first packet in 
the buffer with the second packet because the indicators of RF 
conditions associated with wireless device 130 and 131 indi 
cate that wireless device 131 is associated with poorer RF 
conditions than wireless device 130. Base station 110 may 
replace the first packet in the buffer with the second packet 
because the indicators of RF conditions associated with wire 
less device 130 and 131 indicate that wireless device 131 is 
associated with lower throughput than wireless device 130. 

In an embodiment, base station 110 may select a packet 
from wireless device 130 or 131 to be dropped based on a 
weighted random early detection scheme (WRED). In an 
embodiment, base station 110 may associate the drop prob 
abilities of a WRED scheme with the indicators of RF con 
ditions. In an embodiment, base station 110 may associate 
drop probabilities of a WRED scheme with wireless through 
puts that are associated with wireless devices 130 and 131, 
respectively. 
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WRED monitors how full at least one buffer is and drops 
incoming or stored packets based on statistical probabilities. 
WRED may monitor an indicator of the remaining space in a 
buffer. If the buffer is almost empty, all incoming packets are 
accepted, and/or all stored packets are retained. As the buffer 
fills, the global probability for dropping an incoming or stored 
packets grows too. In an embodiment, when the buffer is full, 
the global probability has reached 1 and all incoming packets 
are dropped. In an embodiment, when the buffer is full, the 
global probability has reached 1 and a stored packet is 
dropped. The stored packet to be dropped may be selected 
based on an indicator of RF condition associated with that 
packet. 

In an embodiment, a probability for dropping a specific 
packet is determined based on the global probability and a 
drop probability associated with the indicator of RF condi 
tions associated with that packet. For example, packets asso 
ciated with a first indicator of RF conditions may be associ 
ated with a first drop probability represented by the variable 
A. Packets associated with a second indicator of RF condi 
tions may be associated with a second drop probability rep 
resented by the variable B. The global probability at a given 
point in time may be represented by the variable G. In this 
case, the probability (P) that a first packet that is associated 
with the first drop probability will be dropped may be based 
on: P=A*G. The probability (P) that a second packet asso 
ciated with the second drop probability will be dropped may 
be based on: P=B*G. 

To illustrate, consider the case where: (1) the global prob 
ability is 0.5; (2) the first drop probability is 0.5; and, (3) the 
second drop probability is 1.5. Thus, when base station 110 
determines if a packet (or which packet) should be dropped, 
the probability that the first packet will be dropped is: 
P=0.5*0.5–0.25. The probability that the second packet will 
be dropped is: P=0.5*1.5–0.75. Thus, it is three times more 
likely that the second packet will be dropped than the first 
packet. This increased likelihood is based on the drop prob 
abilities (i.e., A and B) associated with the first and second 
packets that may be associated with a first and second indi 
cator of RF conditions, respectively. 

FIG. 2 is a flowchart illustrating a method of dropping 
packets. The steps illustrated in FIG.2 may be performed by 
one or more elements of communication system 100. 
A first indicator of RF conditions associated with a first 

device is received (202). For example, base station 110 may 
receive or determine an indicator of RF conditions associated 
with wireless device 130. This first indictor of RF conditions 
may be, or be based on, the modulation and coding scheme 
associated with wireless device 130. This first indicator or RF 
conditions may be, or be based on, a wireless throughput 
associated with wireless device 130. This first indicator of RF 
conditions may be, or be based on, a SINR associated with 
wireless device 130. 
A second indicator of RF conditions associated with a 

second device is received (204). For example, base station 
110 may receive or determine an indicator of RF conditions 
associated with wireless device 131. 
An indicator of throughput for a network element is 

received (206). For example, base station 110 may receive an 
indicator of the maximum throughput of network 120, or an 
element of network 120. In another example, base station 110 
may receive an indicator of the maximum throughput of back 
haul link 150. In another example, base station 110 may 
receive an indicator of the congestion of network 120. In 
another example, base station 110 may receive an indication 
that network 120 is dropping packets. In another example, 
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6 
base station 110 may monitor the TCP/IP congestion algo 
rithm to determine an indicator of throughput. 
A first packet is received from the first device (208). For 

example, base station 110 may receive a first packet from 
wireless device 130. Base station 110 may associate this first 
packet with the first indicator of RF conditions. 
A second packet is received from the second device (210). 

For example, base station 110 may receive a second packet 
from wireless device 131. Base station 110 may associate this 
first packet with the second indicator of RF conditions. 

Based on the first indicator of RF conditions, the second 
indicator of RF conditions, and the indicator of throughput, 
the first packet is sent and the second packet is discarded. For 
example, base station 110 may send the first packet and dis 
card the second packet based on the indicators of RF condi 
tions showing that wireless device 130 is operating under 
poorer RF conditions than wireless device 131. In another 
example, base station 110 may send the first packet and dis 
card the second packet based on drop probabilities associated 
with the indicators of RF conditions. The drop probabilities 
may be used by a WRED packet dropping scheme. In an 
embodiment, base station 110 may send the first packet and 
discard the second packet by storing the second packet in the 
buffer and then replacing the second packet in the buffer with 
the first packet. 

FIG. 3 is a block diagram illustrating a packet buffering 
system. In FIG. 3, packet buffering system 300 comprises: 
buffer insertion logic 310: buffer 320; input stream 330; and 
output stream 331. Buffer insertion logic 310 receives input 
stream 330. Input stream 330 is comprised of packets. Buffer 
insertion logic 310 includes third packet 303, priority check 
340, and priority check 341. Buffer insertion logic 310 also 
includes third indicator 313. Third indicator 313 is associated 
with third packet 303. 

Buffer 320 produces output stream 331. Buffer 320 con 
tains first packet 301 and second packet 302. Buffer 320 also 
contains first indicator 311 and second indicator 312. First 
indicator 311 and second indicator 312 are associated with 
first packet 301 and second packet 302, respectively. 

First indicator 311, second indicator 312, and third indica 
tor 313 may be associated with indicators of RF conditions. 
For example, these indicators may be, or be based on, the 
modulation and coding scheme associated with the wireless 
devices that sent these respective packets. In another 
example, these indicators may be, or be based on, the wireless 
throughputs associated with the wireless devices that sent 
these respective packets. These indicators may be, or be based 
on, a SINRassociated with the wireless devices that sent these 
respective packets. 

Input stream 330 is a stream of traffic, comprised of pack 
ets, received by packet buffering system 300. For example, 
input stream 330 may be an aggregation of the streams of 
packets received from wireless device 130 and wireless 
device 131. First packet 301, second packet 302, and third 
packet 303 are all packets that were received by packet buff 
ering system 300 via input stream 330. 

First packet 301 and second packet 302 have been inserted 
into buffer 320 by buffer insertion logic 310. Thus, in FIG.3, 
first packet 301 and second packet 302 are shown contained 
within buffer 320. Buffer 320 may be configured as a first in 
first out buffer. Buffer 320 may be configured as a first in, 
highest priority out buffer. The priorities may be based on the 
indicators associated with the packets in buffer 320. The 
indicators associated with the packets in buffer 320 may be 
based on indicators of RF conditions. 

Packets are removed from buffer 320 and sent in output 
stream 331. Output stream 331 is a stream of traffic comprised 
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ofpackets received by packet buffering system 300. However, 
some packets received by packet buffering system 300 that 
are within the buffer size of buffer 320, or have been received 
by buffer insertion logic 310, may have been removed or 
discarded based on the indicators associated with those pack 
ets before these packets are included in output stream 331. 

Buffer insertion logic 310 receives a third packet 303 from 
input stream 330. If there is not room in buffer 320 for third 
packet 303, buffer insertion logic 310 is configured to com 
pare third indicator 313 to at least a portion of the indicators 
associated with the packets already stored in buffer 320. This 
is illustrated in FIG.3 by priority check 340 which receives an 
input from the second indicator 312 and the third indicator 
313. This is also illustrated by priority check 341 which 
receives an input from the first indicator 311 and the third 
indicator 313. 

Buffer insertion logic 310 receives third packet 313 from 
input stream 330. Buffer insertion logic 310 uses priority 
check 340 and priority check 341 to determine if third packet 
303 has a higher priority than the first packet 301, or the 
second packet 302. If the third packet 303 has a higher priority 
than the second packet 302, based on the third indicator 313 
and the second indicator 312, buffer insertion logic 310 may 
then replace the second packet 302 with the third packet 303 
in buffer 320. Buffer insertion logic 310 may determine pri 
ority such that packets associated with poorer RF conditions 
are given a higher priority. In other words, packets associated 
with poorer RF conditions would replace packets associated 
with better RF conditions (as indicated, for example, by first 
indicator 311, second indicator 312, and third indicator 313) 
in buffer 320 before these packets are sent in output stream 
331 to a communication link. 

FIG. 4 is a block diagram illustrating a packet buffer 
retransmission system. In FIG. 4. packet buffer retransmis 
sion system 400 comprises: buffer retransmission logic 410; 
buffer 420; and output stream 431. Buffer retransmission 
logic 410 includes priority check 440, priority check 441, and 
packet sender-remover 450. 

Buffer 420 produces output stream 431 under the control of 
packet sender-remover 450. Buffer 420 contains first packet 
401 and second packet 402. Buffer 420 also contains first 
indicator 411 and second indicator 412. First indicator 411 
and second indicator 412 are associated with first packet 401 
and second packet 402, respectively. 

First indicator 401 and second indicator 402 may be asso 
ciated with indicators of RF conditions. For example, these 
indicators may be, or be based on, the modulation and coding 
scheme associated with the wireless devices that sent these 
respective packets. In another example, these indicators may 
be, or be based on, the wireless throughputs associated with 
the wireless devices that sent these respective packets. In 
another example, these indicators may be, or be based on, the 
SINR associated with the wireless devices that sent these 
respective packets. 

First packet 401 and second packet 402 are stored by 
packet buffer retransmission system 400. In an example, first 
packet 401 and second packet 402 may be packets associated 
with wireless device 130 and wireless device 131, respec 
tively. 

First packet 401 and second packet 402 are stored in buffer 
420. Thus, in FIG. 4, first packet 401 and second packet 402 
are shown contained within buffer 420. Buffer 420 may be 
configured as a first in, highest priority out buffer. The priori 
ties may be based on the indicators associated with the pack 
ets in buffer 420. The indicators associated with the packets in 
the buffer may be based on indicators of RF conditions. 
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8 
Packets are removed from buffer 420 and sent in output 

stream 431 under the control of packet sender-remover 450. 
Output stream 431 is a stream of traffic comprised of packets 
stored by packet buffer retransmission system 400. 

Buffer retransmission logic 410 is configured to compare 
the indicators associated with each packet stored in buffer 420 
to determine the packet with the highest priority. The packet 
with the highest priority may be determined by the indicators 
associated with those packets. This is illustrated in FIG. 4 by 
priority check 440 which receives an input from the second 
indicator 412 and another priority check (not shown). This is 
also illustrated by priority check 441 which receives an input 
from the first indicator 411 and priority check 440. An indi 
cator of the highest priority packet is received by packet 
sender-remover 450. 

Buffer retransmission logic 410 uses priority check 440 
and priority check 441 to determine the packet stored in buffer 
420 with the highest priority. If the second packet 402 has a 
higher priority than the first packet 401, based on the second 
indicator 412 and the first indicator 411, packet sender-re 
mover 450 may then remove the second packet 402 from 
buffer 420 and send it to output stream 431. Packet retrans 
mission logic 410 may remove and send packet 402 to output 
stream 431 before first packet 401 regardless of the order that 
first packet 401 and second packet 402 were stored in buffer 
420. 

Buffer retransmission logic 410 may determine priority 
Such that packets associated with poorer RF conditions are 
given a higher priority. In other words, packets associated 
with poorer RF conditions would be removed from buffer 420 
and sent to output stream 431 before packets associated with 
better RF conditions. The packets sent to output stream 431 
may also be sent to a communication link. 

FIG. 5 is a flowchart illustrating a method of scheduling 
packets. The steps illustrated in FIG.5 may be performed by 
one or more elements of communication system 100. 
A first packet associated with a first wireless device is 

stored in a buffer (502). For example, base station 110 may 
store a first packet associated with wireless device 130 in a 
buffer. A first wireless device is associated with a first indi 
cator of wireless throughput (504). For example, base station 
110 may associate wireless device 130 with a first modulation 
and coding scheme. Since the amount of information per slot 
that may be sent by wireless device 130 is determined by the 
modulation and coding scheme that wireless device 130 is 
using, the modulation and coding scheme being used by 
wireless device 130 is an indicator of wireless throughput. 
A second wireless device is associated with a second indi 

cator of wireless throughput (506). For example, base station 
110 may associate wireless device 131 with a second modu 
lation and coding scheme. 

Based on the second indicator of wireless throughput, the 
first packet in the buffer is replaced with a packet associated 
with the second device (508). For example, base station 110 
may replace the first packet in a buffer with a second packet 
associated with wireless device 131 based on the indicator of 
wireless throughput associated with wireless device 131. In 
an example, base station 110 may replace the first packet 
because the first and second indicators of wireless throughput 
indicate that wireless device 131 is associated with poorer RF 
conditions than wireless device 130. In an example, base 
station 110 may replace the first packet because the first and 
second indicators of wireless throughput indicate that wire 
less device 131 is associated lower wireless throughput than 
wireless device 130. In an example, base station 110 may 
replace the first packet because the first and second indicators 
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of wireless throughput indicate that wireless device 131 is 
associated lower SINR than wireless device 130. 
The second packet is sent to a communication link (510). 

For example, base station 110 may send the second packet to 
backhaul link 150. The second packet may be selected to be 
sent before other packets in the buffer based on the second 
indicator of wireless throughput. In an example, base station 
110 may select the second packet to be sent to the communi 
cation link because wireless device 131 is associated with the 
poorer RF conditions than the wireless devices associated 
with other packets in the buffer. In an example, base station 
110 may select the second packet to be sent to the communi 
cation link because wireless device 131 is associated with a 
lower wireless throughput than the wireless devices associ 
ated with the other packets in the buffer. In an example, base 
station 110 may select the second packet to be sent to the 
communication link because wireless device 131 is associ 
ated with a lower SINR than the wireless devices associated 
with other packets in the buffer. 

The methods, systems, and logic described above may be 
implemented with or executed by one or more computer 
systems. The methods described above may also be stored on 
a computer readable medium. Many of the elements of com 
munication system 100, packet buffering system 300, or 
packet buffer retransmission system 400 may be, comprise, 
include, or be implemented by computers systems. This 
includes, but is not limited to: base station 110; network 120, 
wireless device 130, wireless device 131, backhaul link 150; 
buffer 320: buffer insertion logic 310: buffer 420; and, buffer 
retransmission logic 410. 

FIG. 7 illustrates a block diagram of a computer system. 
Computer system 700 includes communication interface 720, 
processing system 730, and user interface 760. Processing 
system 730 includes storage system 740. Storage system 740 
stores software 750. Processing system 730 is linked to com 
munication interface 720 and user interface 760. Computer 
system 700 could be comprised of a programmed general 
purpose computer, although those skilled in the art will appre 
ciate that programmable or special purpose circuitry and 
equipment may be used. Computer system 700 may be dis 
tributed among multiple devices that together comprise ele 
ments 720-760. 
Communication interface 720 could comprise a network 

interface, modem, port, transceiver, or some other communi 
cation device. Communication interface 720 may be distrib 
uted among multiple communication devices. Processing 
system 730 could comprise a computer microprocessor, logic 
circuit, or some other processing device. Processing system 
730 may be distributed among multiple processing devices. 
User interface 760 could comprise a keyboard, mouse, voice 
recognition interface, microphone and speakers, graphical 
display, touch screen, or some other type of user device. User 
interface 760 may be distributed among multiple user 
devices. Storage system 740 could comprise a disk, tape, 
integrated circuit, server, or some other memory device. Stor 
age system 740 may be distributed among multiple memory 
devices. 

Processing system 730 retrieves and executes software 750 
from storage system 740. Software 750 may comprise an 
operating system, utilities, drivers, networking software, and 
other software typically loaded onto a computer system. Soft 
ware 750 could comprise an application program, firmware, 
or some other form of machine-readable processing instruc 
tions. When executed by processing system 730, software 
750 directs processing system 730 to operate as described 
herein. 
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10 
The above description and associated figures teach the best 

mode of the invention. The following claims specify the scope 
of the invention. Note that some aspects of the best mode may 
not fall within the scope of the invention as specified by the 
claims. Those skilled in the art will appreciate that the fea 
tures described above can be combined in various ways to 
form multiple variations of the invention. As a result, the 
invention is not limited to the specific embodiments described 
above, but only by the following claims and their equivalents. 

What is claimed is: 
1. A method of dropping packets at an access point wire 

lessly coupled to a plurality of devices operatively coupled to 
a network, comprising: 

receiving, by the access point, a first indicator of through 
put capacity of with a wireless link between the access 
point and the first device: 

receiving, by the access point, a second indicator of 
throughput capacity of with a wireless link between the 
access point and the second device; 

receiving, by the access point, a third indicator of through 
put capacity of with a wireless link between the access 
point and a third device; 

discovering a throughput capacity of a backhaul link 
between the access point and the network; 

receiving, at a buffer of the access point, a first packet from 
the first device; 

receiving, at a buffer of the access point, a second packet 
from the second device; 

receiving, at a buffer of the access point, a third packet from 
the third device; 

discarding the third packet from the buffer of the access 
point, when the third indicator of throughput capacity is 
greater than the throughput capacity of the second 
device, a combined throughput capacity of the first 
device, second device, and third device, and available 
space in the buffer meets a space availability criteria; 
and, 

sending, by the access point to the network, the first packet 
and dropping the second packet based on the first indi 
cator of throughput capacity, the second indicator of 
throughput capacity, and the discovered throughput 
capacity of the backhaul link, when the first indicator of 
throughput capacity and the second indicator of 
throughput capacity indicate that the throughput capac 
ity of the first wireless device is less than the throughput 
capacity of the second wireless device. 

2. The method of claim 1, wherein the first indicator of 
throughput capacity is a first modulation and coding scheme, 
and the second indicator of throughput capacity is a second 
modulation and coding scheme. 

3. The method of claim 1, wherein sending to the network 
the first packet and dropping the second packet comprises: 

storing the second packet in the buffer, 
replacing the second packet with the first packet in the 

buffer; and 
transmitting the packet stored in the buffer to the network. 
4. A method of dropping packets at an access point wire 

lessly coupled to a plurality of devices operatively coupled to 
a network, comprising: 

receiving, by the access point, a first indicator of RF con 
ditions associated with a wireless link between the 
access point and a first device; 

receiving, by the access point, a second indicator of RF 
conditions associated with a wireless link between the 
access point and a second device; 
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receiving, by the access point, a third indicator of RF 
conditions associated with a wireless link between the 
access point and a third device; 

discovering a throughput capacity of a backhaul link 
between the access point and the network; 

receiving, at a buffer of the access point, a first packet from 
the first device; 

receiving, at the buffer of the access point, a second packet 
from the second device; 

receiving, at the buffer of the access point, a third packet 
from the third device; 

associating a first drop probability with the first indicator of 
RF conditions, wherein the first drop probability is pro 
portional to the quality of the associated RF conditions; 

associating a second drop probability with the second indi 
cator of RF conditions, wherein the second drop prob 
ability is proportional to the quality of the associated RF 
conditions; 

associating a third drop probability with the third indicator 
of RF conditions, wherein the third drop probability is 
proportional to the quality of the associated RF condi 
tions; 

Selecting the second packet to be dropped, when the 
throughput capacity of the backhaul link meets a 
throughput criteria and when the second drop probabil 
ity is greater than the first drop probability; and 

selecting the third packet to be dropped when the third drop 
probability is greater than the second drop probability 
and available space in the buffer meets a space availabil 
ity criteria. 

5. The method of claim 4, wherein selecting the second 
packet to be dropped comprises: 

storing the second packet in the buffer, and 
replacing the second packet with the first packet in the 

buffer, and 
Selecting the second packet to be dropped is further based 
on an indicator of unfilled space in the buffer. 

6. The method of claim 5, wherein the first packet is 
selected to be stored in the buffer based on the indicator of 
unfilled space in the buffer and the first drop probability. 

7. A method of scheduling packets, comprising: 
storing, in a buffer of an access point, a first packet asso 

ciated with a first wireless device operatively coupled to 
the access point, wherein the first wireless device is 
associated with a first indicator of wireless throughput 
capacity between the access point and the first wireless 
device; 

receiving a second packet associated with a second wire 
less device operatively coupled to the access point, 
wherein the second wireless device is associated with a 
second indicator of wireless throughput capacity 
between the access point and the second wireless device; 

replacing the first packet in the buffer with the second 
packet, when the first indicator of wireless throughput 
capacity and the second indicator of wireless throughput 
capacity indicate that the wireless throughput capacity 
of the first wireless device is greater than the wireless 
throughput capacity of the second wireless device, a 
combined throughput capacity of the first indicator of 
wireless throughput capacity and the second indicator of 
wireless throughput capacity meets a throughput crite 
ria, and the available space in the buffer meets a space 
availability criteria; 

receiving a third packet associated with a third wireless 
device operatively coupled to the access point, wherein 
the third wireless device is associated with a third indi 
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12 
cator of wireless throughput capacity between the access 
point and the third wireless device; 

discarding the third packet, when the third indicator of 
wireless throughput indicates that the wireless through 
put of the third wireless device is greater than the wire 
less throughput of the second wireless device, a com 
bined throughput of the first indicator of wireless 
throughput capacity, the second indicator of wireless 
throughput capacity, and the third indicator of wireless 
throughput capacity meets a throughput criteria, and the 
available space in the buffer meets a space availability 
criteria; and, 

sending the second packet to a network through a backhaul 
link between the access point and the network. 

8. The method of claim 7, wherein the first indicator of 
wireless throughput capacity is a first modulation and coding 
scheme, and the second indicator of wireless throughput 
capacity is a second modulation and coding scheme. 

9. The method of claim 7, wherein first indicator of wire 
less throughput capacity is a first modulation and coding 
scheme, the second indicator of wireless throughput capacity 
is a second modulation and coding scheme, and the third 
indicator of wireless throughput capacity is a third modula 
tion and coding scheme. 

10. A packet buffering and retransmission system, com 
prising: 

a storage system comprising a buffer configured to receive 
and store packets associated with a plurality of indica 
tors of wireless throughput capacity for transmission to 
a network through a backhaul link; and, 

a processing System coupled to the storage system com 
prising packet replacement logic configured to 

receive a first indicator of throughput capacity of a wireless 
link between an access point and a first device; 

receive a second indicator of throughput capacity of a 
wireless link between the access point and a second 
device; 

receive a third indicator of throughput capacity of a wire 
less link between the access point and a third device; 

discover a throughput capacity of the backhaul link 
between the access point and the network; 

receive an indication that a first packet from the first device 
was received at the buffer; 

receive an indication that a second packet from the second 
device was received at the buffer; 

receive an indicator that a third packet from the third device 
was received at the buffer; 

determine to discard the third packet from the buffer when 
the third indicator of throughput capacity is greater than 
the throughput capacity of the second device, a com 
bined throughput capacity of the first device, second 
device, and third device, and available space in the buffer 
meets a space availability criteria; and 

initiate sending the first packet and dropping the second 
packet based on the first indicator of throughput capac 
ity, the second indicator of throughput capacity, and the 
discovered throughput capacity of the backhaul link, 
when the first indicator of throughput capacity and the 
second indicator of throughput capacity indicate that the 
throughput capacity of the first wireless device is less 
than the throughput capacity of the second wireless 
device. 

11. The packet buffering and retransmission system of 
claim 10, wherein the plurality of indicators of wireless 
throughput capacity are associated with a plurality of modu 
lation and coding schemes. 
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12. The packet buffering and retransmission system of 
claim 10, wherein at least one of the plurality of indicators of 
wireless throughput capacity is based on a signal to interfer 
ence and noise ratio. 
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